Background: Subclinical hypothyroidism has been associated with systolic and diastolic cardiac dysfunction and an elevated cholesterol level, but data on cardiovascular outcomes and death are limited.
with TSH levels between 4.5 and 6.9 mIU/L. In multivariate analyses, the risk of CHF was higher among those with high TSH levels (TSH of 7.0-9.9 mIU/L: hazard ratio, 2.58 [95% confidence interval, 1.19-5.60]; and TSH of Ն10.0 mIU/L: hazard ratio, 3.26 [95% confidence interval, 1.37-7.77]). Among the 2555 participants without CHF at baseline, the hazard ratio for incident CHF events was 2.33 (95% confidence interval, 1.10-4.96; P=.03) in those with a TSH of 7.0 mIU/L or greater. Subclinical hypothyroidism was not associated with increased risk for coronary heart disease, stroke, peripheral arterial disease, or cardiovascular-related or total mortality.
Conclusions: Subclinical hypothyroidism is associated with an increased risk of CHF among older adults with a TSH level of 7.0 mIU/L or greater, but not with other cardiovascular events and mortality. Further investigation is warranted to assess whether subclinical hypothyroidism causes or worsens preexisting heart failure. Med. 2005; 165:2460 -2466 S UBCLINICAL HYPOTHYROIDism refers to patients who have an elevated thyrotropin (formerly thyroidstimulating hormone) (TSH) level and a normal free thyroxine (T 4 ) level. 1 The prevalence of subclinical hypothyroidism increases with age, and is about 10% in women older than 70 years and is somewhat lower in men. 2, 3 Controversy persists as to whether screening and treatment of subclinical hypothyroidism is warranted, 1, [3] [4] [5] because evidence about the benefits and the risks is limited. 1, 3 Subclinical hypothyroidism has been associated with higher levels of some cardiovascular risk factors. Despite some conflicting results, 6 many studies [7] [8] [9] found that subjects with subclinical hypothyroidism have higher total cholesterol and lowdensity lipoprotein cholesterol levels than euthyroid subjects. A cross-sectional study 10 showed that subjects with subclinical hypothyroidism have increased Creactive protein values. Subclinical hypothyroidism has been associated with increased risk for atherosclerosis. 11, 12 However, data on coronary heart disease (CHD) in subjects with subclinical hypothyroidism are conflicting. 3 Many studies are cross-sectional [12] [13] [14] or case-control 15, 16 studies, and some discrepancies may result from study design. Two prospective studies 12, 17 included fewer than 20 CHD events. To our knowledge, no randomized studies have assessed the impact of T 4 replacement on clinical cardiac end points. 3 Subclinical hypothyroidism has also been associated with diastolic and systolic cardiac dysfunction, and T 4 replacement improves cardiac function in subjects with subclinical hypothyroidism. 18 However, these studies are limited by the small sample size (range, 8-26 subjects); the lack of important clinical end points, such as symptomatic congestive heart failure (CHF); and the uncertain clinical significance of changes in cardiac function found in intervention trials. 3 To our knowledge, no study has directly addressed the relationship between subclinical hypothyroidism and CHF.
Arch Intern
Because data on cardiovascular outcomes in subjects with subclinical hypothyroidism are limited, 3 we performed a prospective analysis in a longitudinal cohort study of older adults to examine rates of CHF, CHD, stroke, peripheral arterial disease (PAD), and cardiovascular-related and total mortality in relationship to TSH levels.
METHODS

SUBJECTS AND DESIGN
Participants were part of the Health, Aging, and Body Composition Study, a population-based cohort study that began in April 1997; the participants were 3075 healthy communitydwelling men and women aged 70 to 79 years at enrollment. Participants were identified from a random sample of white and all black Medicare-eligible adults living in designated ZIP code areas surrounding Pittsburgh and Memphis, Tenn; details of the eligibility criteria have been previously described. 19 All participants gave written informed consent; the institutional review boards at both study sites approved the protocol.
Fasting TSH levels were measured in 2799 participants, as not all of the 3075 participants of the Health, Aging, and Body Composition Study had their fasting TSH levels measured. We excluded 2 participants who were taking antithyroid medications, 32 with a TSH level of 0.1 mIU/L or less, 23 with overt hypothyroidism, and 2 with low T 4 but normal TSH levels. We also excluded participants who were taking amiodarone, because of its influence on TSH levels 20 and its use to treat cardiovascular disease (CVD). The final sample for our analyses was 2730 participants. Participants were given their TSH results if the TSH level was 7.0 mIU/L or greater, and only those with overt thyroid abnormalities were encouraged to seek medical attention.
MEASUREMENTS Thyroid Hormones
Thyrotropin levels were measured by immunoassay (ACS; Chiron Diagnostics Corp, Emeryville, Calif). The coefficient of variation for TSH was 4.1% at 18.94 mIU/L and 3.6% at 1.26 mIU/L. Free T 4 was measured by competitive immunoassay (ACS; Chiron Diagnostics Corp) on participants with a TSH value of 7.0 mIU/L or greater or 0.1 mIU/L or less. The normal range of T 4 for this assay was 0.8 to 1.8 ng/dL (10.3-23.2 pmol/L). Subclinical hypothyroidism was defined as a TSH level of 4.5 mIU/L or greater, 2,3 after excluding subjects with an abnormal T 4 level. A level of 4.5 mIU/L is close to the 97.5 percentile of the US population in the National Health and Nutrition Examination Survey III, 2 and is in agreement with a recent panel consensus. 3 Participants with a TSH level greater than 0.1 mIU/L but less than 4.5 mIU/L were considered euthyroid. Based on the definitions used by the US Preventive Services Task Force, 1 subclinical hypothyroidism was further classified according to TSH levels: 4.5 to 6.9 mIU/L (mild elevation), 7.0 to 9.9 mIU/L (moderate elevation), and 10.0 mIU/L or greater (marked elevation). Free T 4 was measured in all participants with a TSH level of 7.0 mIU/L or greater in the Health, Aging, and Body Composition Study, because overt hypothyroidism is uncommon in participants with a TSH level of less than 7.0 mIU/L.
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Cardiovascular Events
During the 4-year follow-up, we assessed CHF events, CHD, stroke, PAD, and cardiovascular-related and total mortality. We included incident events among patients free of CVD at baseline and recurrent events among those with prevalent CVD at baseline. Each participant had a telephone contact every 6 months and an annual clinical visit during which health status was assessed and data about hospitalizations or major outpatient procedures were collected. Diagnoses and cause of death were adjudicated based on interview, review of all hospital records, death certificates, and other support documents by a panel of clinicians without knowledge of thyroid status. The definitions of these events were based on algorithms mirroring those of the Cardiovascular Health Study. 22 Cardiovascular events were defined as the occurrence of death or hospitalization for the following events: CHD (acute myocardial infarction [MI] , angina, angioplasty of coronary arteries, or coronary artery surgery), stroke (stroke or transient ischemic attack), PAD (hospitalization or procedures), or CHF. A panel of clinicians adjudicated CHF, based on symptoms, signs, chest x-ray film results, and echocardiographic findings, similar to the Cardiovascular Health Study. 23 The CHF criteria required at least this diagnosis from a physician and treatment for CHF (ie, a current prescription for a diuretic agent and either digitalis or a vasodilator). To increase our power to detect an association, we also defined an outcome of total atherosclerotic events as the first occurrence of CHD, stroke, or PAD. Follow-up time was from TSH measurement to the first onset of a cardiovascular event, loss to follow-up, or death.
Covariates
We collected data on self-reported race, level of education completed, family income, alcohol consumption, and selfreported health. We defined smoking status as never, current, or former (if the participants had smoked Ն100 cigarettes in their lives but were not currently smoking). Physical activity was assessed by questionnaire about all types of walking and exercise performed in the prior week. 24 Diabetes mellitus was defined as a self-reported medical diagnosis and/or the use of any hypoglycemic medication at baseline. 25 Medications taken in the previous 2 weeks were brought in and coded according to the Iowa Drug Information System. 26 We defined prevalent CVD as a diagnosis of CHD, stroke, PAD, or CHF at baseline. The presence of clinical disease at baseline was based on self-reported history, the use of selected drugs, and 5-year review of Medicare data. By using standardized protocols, 27, 28 we measured blood pressure, weight, and height. Total cholesterol, creatinine, and glucose levels were measured as previously described.
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STATISTICAL ANALYSES
We used Kaplan-Meier curves and Cox proportional hazards models to assess the associations between subclinical hypothyroidism, TSH levels, and cardiovascular events. We calculated event rates per 1000 person-years of follow-up, and compared them with log-rank tests. The multivariate model included factors based on clinical plausibility (eg, diabetes mellitus and blood pressure) or an association (PϽ.05) with cardiovascular events (eg, income). We hypothesized some interactions a priori: the relation between subclinical hypothyroidism and cardiovascular events might differ by race, sex, thyroid hormone use, prevalent CVD, or prevalent CHF. We also performed sensitivity analyses excluding participants who used thyroid hormone, similar to previous studies. 30 We checked the proportional hazard assumption using graphical methods and Schoenfeld tests (PϾ.10 for all). To check the sensitivity of our results to the selection of covariates, we assessed models that included potential confounders with PϽ.20 after adjustment using backward deletion, and obtained similar results. Results are reported as hazard ratios (HRs), with 95% confidence intervals (CIs). We conducted analyses using Stata 8.0 (Stata Corp, College Station, Tex).
RESULTS
BASELINE CHARACTERISTICS
The mean age of the participants was 74.7 years; 51.0% were women, and 39.9% were black. The mean (SD) TSH level was 2.1 (2.3) mIU/L, and subclinical hypothyroidism was present in 338 participants (12.4%) at baseline. Subclinical hypothyroidism was less common in black subjects, and was associated with higher levels of education, physical activity, total cholesterol, and thyroid hormone use ( Table 1) . Prevalent CVD did not differ by thyroid status. The relative prevalence of CHF was 30% higher in participants with subclinical hypothyroidism compared with euthyroid participants, but this difference was not statistically significant.
SUBCLINICAL HYPOTHYROIDISM AND THE RISK OF CHF EVENTS
Duringthe4-yearfollow-up,178participantshadCHFevents. The rate of CHF events increased with higher TSH levels (P=.03 for trend), particularly among participants with a TSH level of 7.0 mIU/L or greater (Figure). Participants with a TSH level of 7.0 mIU/L or greater had a higher rate of CHF events compared with euthyroid participants (35.0 vs 16.5 per1000person-years;P=.006),butratesweresimilaramong those with TSH levels between 4.5 and 6.9 mIU/L (P=.71) ( Table 2) . In multivariate analyses, the risk of CHF events was higher among those with high TSH levels. By using TSH as a continuous variable, each standard deviation increase of4.0mIU/Lwasassociatedwitha30%increaseinCHFevents (95% CI, 8%-55%; P=.004). The results were similar after ‡Data are given as mean ± SD. §Percentages do not total 100 because of rounding. 2 Test for trend used. ¶Defined as coronary heart disease, stroke, peripheral arterial disease, or CHF.
**Calculated as weight in kilograms divided by the square of height in meters.
† †Data are given as median (25%-75% interval), and the Mann-Whitney test was performed. Cumulative congestive heart failure (CHF) events in older subjects according to thyrotropin (TSH) levels. The rate of CHF events increased with higher TSH levels (P = .03 for trend). Participants with a TSH level of 7.0 mIU/L or greater had a higher rate of CHF events compared with euthyroid participants (P = .006); this was not the case for those with a TSH level between 4.5 and 6.9 mIU/L. In multivariate analyses, current smoking, prevalent CVD, poor or fair health, creatinine level, and marginal diabetes mellitus were also significantly associated with a higher risk of CHF events (Table 2) .
SUBCLINICAL HYPOTHYROIDISM AND THE RISK OF ATHEROSCLEROTIC EVENTS
During the 4-year follow-up, 334 participants had CHD events (including 98 with an MI), 153 strokes, and 83 PAD events, for a total of 499 atherosclerotic events. The rate of each of these events did not significantly differ by thyroid status or TSH level ( Table 3) . In multivariate analyses, neither subclinical hypothy- Tests for trend were used. Participants with missing values for smoking (n = 4), diabetes mellitus (n = 10), and poor or fair health (n = 82) were excluded from the models. ¶Defined as coronary heart disease, stroke, peripheral disease, or congestive heart failure. Because cholesterol may be on the causal pathway between subclinical hypothyroidism and atherosclerotic events, we repeated our multivariate models omitting cholesterol levels, and obtained similar results. In this older population, total cholesterol level was not associated with a higher risk of atherosclerotic events (HR per 10 mg/dL [0.26 mmol/L], 0.98; 95% CI, 0.96-1.01). The results for subclinical hypothyroidism and atherosclerotic events did not differ by race, sex, thyroid hormone use, or prevalent CVD (PϾ.20 for each interaction). Excluding participants who used thyroid hormone or those with prevalent CVD yielded similar results. The only exception was an increased risk of MI for a TSH level of 10.0 mIU/L or greater in those without prevalent CVD (HR, 4.73; 95% CI, 1.01-22.13), but not in the overall population (HR, 2.06; 95% CI, 0.49-8.65).
To address the potential concern of competing causes of death in this older population, we excluded the participants who died during follow-up and obtained similar results for the relationship between subclinical hypothyroidism and these cardiovascular outcomes.
SUBCLINICAL HYPOTHYROIDISM AND THE RISK OF CARDIOVASCULAR-RELATED AND TOTAL MORTALITY
During the 4-year follow-up, 324 participants (11.9%) died, 32.1% of cardiovascular causes. The rates of cardiovascular-related and total mortality did not significantly differ by thyroid status or TSH level ( Table 4) . In multivariate analyses, neither subclinical hypothyroidism nor TSH level was associated with cardiovascular-related and total mortality. Total mortality was increased in those without prevalent CVD for a TSH level of 10.0 mIU/L or greater (HR, 3.13; 95% CI, 1.11-8.79), but did not reach statistical significance in the overall population (HR, 2.05; 95% CI, 0.90-4.68).
COMMENT
In this population-based study of older adults, subclinical hypothyroidism was associated with a higher rate of incident and recurrent CHF among participants with a TSH level of 7.0 mIU/L or greater compared with euthyroid participants. This association persisted after adjustment for cardiovascular risk factors. We found no consistent evidence that subclinical hypothyroidism was associated with CHD events, stroke, PAD, cardiovascularrelated mortality, or total mortality. Previous studies 18 have found that subjects with subclinical hypothyroidism had diastolic dysfunction at rest and systolic dysfunction with effort, and that these abnormalities were reversed by restoration of euthyroidism. Restoration of euthyroidism normalized cardiac function, with a shortening of isovolumic relaxation time and an increase of early diastolic/late diastolic mitral flow velocity ratio, 32 decreased preejection period/ejection time ratio, 33, 34 and increased left ventricular ejection fraction during exercise. 35, 36 One randomized, double-blind, placebo-controlled trial 37 confirmed the normalization of diastolic function and the decrease in preejection/ejection time ratio with T 4 replacement. Two small crosssectional studies found that 8 (26%) of 31 patients with CHF had a TSH level of greater than 3.6 mIU/L, with normal T 4 levels, 38 and that 59 (97%) of 61 patients with CHF showed either functional or morphological thyroid abnormalities. 39 However, neither study was prospective nor included a control group without CHF.
In our study, a TSH level of 7.0 mIU/L or greater was predictive of incident and recurrent CHF events in those without and with a prevalent diagnosis of CHF. We did not have baseline echocardiographic data in the Health, Aging, and Body Composition Study, but this association was stronger for recurrent CHF, with a 7-fold increase in CHF events. Similarly, overt hypothyroidism may exacerbate underlying cardiac disease, but cardiomyopathy severe enough to cause heart failure is rare. 40 Impaired myocardial relaxation 41, 42 and decreased myocardial contractility 20, 43 have been postulated as possible mechanisms leading to cardiac dysfunction in those with overt hypothyroidism.
We found no evidence that subclinical hypothyroidism was associated with risk of CHD, except for incident MI in participants with a TSH level of 10.0 mIU/L or greater. Previous studies of subclinical hypothyroidism and CHD have been conflicting. A 10-year cohort study 44 of 1191 individuals found no association between subclinical hypothyroidism and cardiovascularrelated mortality. A large prospective study 45 from Whickham, England, found no association between autoimmune thyroid disease, the most frequent cause of subclinical hypothyroidism, and CHD. However, 2 prospective studies found a pattern of an increased risk of CHD with an HR of 2.5 (95% CI, 0.7-9.1) 12 and 4.8 (95% CI, 0.8-29.3). 17 Low power in our data is unlikely, because our study included 20 times more CHD events than each of these 2 previous studies. One important difference was that these 2 studies mainly included younger subjects, who were otherwise at low risk of CHD. A crosssectional study 46 of 1212 subjects in Denmark found that the risk of CHD associated with subclinical hypothyroidism was higher and statistically significant only in subjects younger than 50 years. One potential explanation for these age differences might be competing mortality among older subjects (eg, due to cancer). However, excluding participants who died during follow-up in our study did not change the results. An association between subclinical hypothyroidism and CHD might also weaken with age if this risk was mediated primarily by elevated cholesterol levels. Total and low-density lipoprotein cholesterol levels are strong cardiovascular risk factors in middle-aged adults, but not in older adults. 47 Accordingly, in our data, participants with subclinical hypothyroidism had no increase in CHD despite significantly higher cholesterol levels, and cholesterol itself was not associated with an increased risk of atherosclerotic events. To our knowledge, no prospective study has assessed the risk of stroke or PAD in subjects with subclinical hypothyroidism, except one 17 in Japan that did not find an association with cerebrovascular disease (HR, 1.9; 95% CI, 0.5-7.3).
Similar to previous studies, 31, 44 our data did not show a higher total mortality in participants with subclinical hypothyroidism. The only exception in our data was a higher risk of total mortality for a TSH level of 10.0 mIU/L or greater in participants without prevalent CVD. Conversely, one prospective study 17 in Japan found that men, but not women, with subclinical hypothyroidism (mean age, 63 years) had an increased total mortality for the first 6 years of follow-up (HR, 1.9; 95% CI, 1.1-3.2). These conflicting results are difficult to interpret, but the relative youth of the study population in Japan compared with other studies is a potential explanation.
Our study has several limitations. Because we did not have T 4 measured in participants with a TSH level between 4.5 and 6.9 mIU/L, we could have included some participants with overt instead of subclinical hypothyroidism. Although unlikely, the inclusion of participants with overt hypothyroidism might bias the results toward an increased risk of CHF, but we found a significant association with CHF only in participants with a TSH level of 7.0 mIU/L or greater who all had a T 4 measurement. We did not measure thyroid autoantibodies and, therefore, may have overlooked more specific associations with pure thyroid autoimmunity. The CHF events studied were also limited to those requiring hospitalization. Because some patients may have developed CHF without hospitalization, our rates of CHF are likely underestimated. Possible misclassification of CHF events might have occurred, because diagnostic criteria for CHF are difficult to define. Different criteria have produced different incidence estimates, but no significant survival difference. 48 We had limited power to perform subgroup analyses, because the number of outcome events in each TSH stratum was small. Our data are also limited to older adults who have a high prevalence of CVD and subclinical hypothyroidism.
In summary, our study suggests that subclinical hypothyroidism is associated with an increased risk of incident and recurrent CHF events among older adults with a TSH level of 7.0 mIU/L or greater, but not with other cardiovascular events and mortality. Because no other prospective study has assessed the risk of CHF events in subjects with subclinical hypothyroidism, to our knowledge, our results should be confirmed in other large prospective studies, including those in younger populations. Further investigation is also warranted to assess whether subclinical hypothyroidism causes or worsens preexisting heart failure.
